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TECHNICAL NOTE
Congenital unilateral hydronephrosis in the rat
J. FRIEDMAN, J. R. HOYER, B. MCCORMICK, and J. E. LEWY
Division of Pediatric Nephrology, Department of Pediatrics, Cornell University Medical College, New York City, New
York
Major genitourinary anomalies have been ob-
served in both man and laboratory animals. Kissane
has estimated that approximately 10% of humans
are born with a "potentially significant" malforma-
tion of the urinary system [1]. Urinary tract malfor-
mations were the cause of end-stage renal failure in
22% of children under the age of 5 receiving renal
transplants and in 6% of transplant recipients be-
tween the ages of 6 and 15 years [2].
Hydronephrosis in animals has been noted peri-
odically. Two reports have described strains of rats
with unilateral right hydronephrosis [3, 4], whereas
others have reported variably right- or left-sided
unilateral hydronephrosis or bilateral hydro-
nephrosis. Warner [5] and Lozzio, Buonocore, and
Kentera [6] reported elevated BUN concentrations
in hydronephrotic animals. Detailed studies of the
physiologic alterations in a colony of animals with
congenital hydronephrosis have not been reported.
We have developed a colony of albino rats with
congenital, physiologically significant, persistant,
unilateral hydronephrosis suitable for such studies.
The lesion in this colony has been stable over sever-
al generations of breeding.
Methods
Unilateral (right-sided) hydronephrosis (HN) was
observed in several male Wistar rats that were
being used for other studies in our laboratory. Se-
lective breeding led to the establishment of a colony
of these animals. The colony was initially derived
from matings of three female rats that had given
birth to pups with unilateral hydronephrosis and
their affected offspring, as well as brother-sister
matings from this first generation. Further polyg-
amous matings were conducted with males and fe-
males whose hydronephrosis was confirmed radio-
graphically. With the animals anesthetized with
pentobarbitol, excretory urograms were obtained at
5 and 9 weeks of age and in adult rats after i.v. injec-
tion of 3 mllkg of meglu mine and sodium diatrizoate
(Renographin-60 Squibb) (Fig. 1). A 13% magnifica-
tion factor was present on these pyelograms.
Ninety-one animals from nine litters were killed
within I week of pyelography to evaluate whether
the pyelographic findings correlated with gross mor-
phology. At the time of sacrifice, kidneys, ureters,
and gonads, and their respective blood supplies
were examined with a dissecting microscope. Wet
weights of kidneys were measured after we applied
gentle pressure to remove pelvic urine. Sub-
sequently, coronal sections containing the hilum of
each kidney were obtained and fixed in buffered
formalin. These specimens were imbedded in paraf-
fin, sectioned at 4 p, and stained with periodic acid-
Schiff (PAS) hematoxalin.
An additional ten animals were killed between
birth and 2 weeks of age to evaluate the presence
and degree of hydronephrosis in the perinatal peri-
od. After dissection, the kidneys, ureters, and blad-
ders were fixed in formulin en bloc and coronal kid-
ney sections were obtained from fixed tissues.
Renal functional evaluation was performed in six
rats without hydronephrosis and in six littermates
with unilateral hydronephrosis which was demon-
strated pyelographically and confirmed pathologi-
cally. These animals, each weighing 200 to 325 g,
were given free access to water but no food during a
period 16 to 24 hours prior to study.
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Results
One hundred two pups were born to nine females
who had been noted to have pups with hydro-
nephrosis. All of these females had normal pyelo-
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grams or normal kidneys when examined grossly.
Pyelography in these nine litters at 5 weeks of age
showed either normal kidneys or unilateral right hy-
dronephrosis. The presence of hydronephrosis was
determined by comparison of the intrarenal diame-
ters (IRD) of right and left kidneys in the same rats.
The IRD of 82 left kidneys was 3.78 0.41 mm
(mean 1 SD). Hydronephrotic kidneys had an IRD
of 5.6 mm or more (that is, greater than 4 SD above
the mean); an IRD of greater than 5.0 mm or less
than 5.6 mm was called indeterminate. Right kidneys
in 5-week-old littermates without collecting system
dilatation had an IRD of 4.37 0.41 mm. The IRD
of hydronephrotic kidneys were more than 3 SD
above this mean. Similar results were obtained in 35
9-week-old rats, with nonhydroephrotic left kidneys
(IRD, 4.83 0.69) as a standard for comparison
(that is, hydronephrosis = IRD of more than 7.6
mm). At this later age, nonhydronephrotic right kid-
neys had an IRD of 6.05 0.74 mm.
Using these strict criteria for hydronephrosis, we
found that 6% of females and 8% of males had right
IRD between 3 and 4 SD above the mean for the left
kidneys and were classified as indeterminant.
Fifteen male and twenty-two female rats (the en-
tirety of four litters) were selected at 5 weeks of age
for sequential radiographic evaluations, at 5 and
then 9 weeks of age. All animals with initially nor-
mal pyelograms were again normal pyelographically
4 weeks later. All males with HN on initial exam
had persistent HN at 9 weeks of age, whereas five
of twelve females that had unilateral HN on initial
exam had normal urograms 4 weeks later. In addi-
tion, the seven rats with indeterminant X-ray find-
ings at 5 weeks of age were restudied. Three of four
male rats with initially indeterminant urograms had
definite hydronephrosis when restudied 4 weeks lat-
er, and one had a normal urogram. One of three fe-
males with an initially indeterminate study showed
definite hydronephrosis in the later study. The other
two females had normal urograms. All males used
for breeding had persistent unilateral hydro-
nephrosis when retired at 1 year of age.
The comparability of hydronephrosis as deter-
mined by radiographic and pathologic criteria was
established when rats were killed within 1 week of
pyelography. A 100% agreement was observed with
no false-positives or negatives.
After several generations of breedings between
male and female rats with unilateral hydro-
nephrosis, a stable colony with a higher incidence
of hydronephrosis than initially noted was obtained.
Eighty-eight percent of males had unilateral hydro-
Fig. 1. Intravenous urograin ala 9-week-old rat demonstrating a
dilated pelvicalyceal system on the right side. The left side has a
normal radiographic appearance.
nephrosis, but only 2% were normal. Fifty-eight
percent of females had unilateral hydronephrosis,
whereas 36% were normal. The remainder had bi-
lateral hydronephrosis or were indeterminant.
Hydronephrosis has been defined by Heptinstall
as a dilated renal pelvis and calyces of varying de-
gree. Kidneys have been considered HN if on ex-
amination of coronal sections dilatation of the renal
pelvis or calyceal system is present (Figs. 2 and 3).
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Fig. 2. Longitudinal sections of a right hydroenephrotic kidney
pelvocalycea! system can be seen easily.
Hydronephrotic kidneys of rats examined at 5 and 9
weeks of age appeared to be longer and wider than
is normal, and dilatation of the pelvocalyceal sys-
tem was readily apparent on cut section. By con-
trast, pelvocalyceal dilatation at 8 to 10 days of age
was apparent only on cut section under a dissecting
microscope. Gross loss of medullary and papillary
tissue was only observed in four kidneys at 5 and 9
weeks, and scars or cysts were not observed at any
age. Dilatation of the upper third of the right ureter
was occasionally observed. The gonadal vessels
were always anterior to the ureter but were quite
variable in location and almost never crossed the
ureter immediately distal to the beginning of ure-
teral dilatation. Lumbar vessels were never anterior
to the ureter and were usually remote from areas of
ureteral tapering. Under anesthesia, peristaltic
waves could be seen passing from dilated upper ure-
ters to ureteral segments of normal caliber in all ani-
mals. Furthermore, periureteral fibrosis was not ob-
served in sections of ureters obtained from areas
just distal to dilated ureteral segments. Tortuosity
of the right ureter near the kidney was seen occa-
sionally in rats with and without hydronephrosis.
Gross abnormalities of the lower ureter, bladder,
gonads, and ureteral blood supply were not ob-
served.
(A) and a left nonhydronephrotic kidney (B). The dilatation of the
The great majority of hydronephrotic kidneys
showed no abnormalities of glomeruli, tubules, and
interstitium when compared to contralateral kid-
neys and those of unaffected rats. True cysts and
cellular infiltration in interstitial and forniceal areas
were not observed in any hydronephrotic kidney.
The only consistent finding was that of an increased
intrarenal diameter. Four kidneys with severe hy-
dronephrosis showed a decrease in medullary and
papillary size with gross tissue loss. These four kid-
neys had areas of tubular and epithelial flattening
and dilatation without interstitial fibrosis.
Renal functional evaluation was performed in six
animals with and six without hydronephrosis (Table
1). None of the hydronephrotic kidneys had any
gross cortical, medullary, or papillary tissue loss,
and kidney weights were not significantly different
between groups. Inulin and PAH clearances in HN
kidneys were 46% (P < 0.005) and 51% (P < 0.005)
that of contralateral non-HN kidneys. The extrac-
tion of PAH was increased by an amount of border-
line significance in contralateral kidneys (P <0.05).
The absolute urinary sodium (P > 0.1) and fluid
excretory rates (P > 0.1) were not different in hy-
dronephrotic and nonhydronephrotic kidneys.
Fractional excretory rates of fluid (P < 0.005) and
sodium (P < 0.05) corrected for GFR, however,
B
4,
570 Friedman ci al
Fig. 3. Coronal sections of a right hydronephrotic (A) and a left nonhydronephrotic kidney (B). Dilatation of the intrarenal collecting
system is apparent.
were significantly greater from hydronephrotic kid-
neys. Filtration fraction (P < 0.05), renal plasma
flow (P <0.01), and potassium excretion (P <0.025)
were also significantly decreased in hydronephrotic
kidneys. In the control animals (littermates) without
hydronephrosis, there were no significant dif-
ferences between left and right kidneys.
The animals with unilateral hydronephrosis had a
significantly increased total urinary sodium (P <
0.025) and potassium excretion (P < 0.025), as well
as increased fractional sodium and water excretion,
when compared to littermates without hydro-
nephrosis.
Hydronephrosis is a well-recognized renal abnor-
mality of some strains of albino rats [3, 4, 7]. We
have developed a stable colony of rats with unilater-
al hydronephrosis similar to that observed by Sell-
ers, Rosenfeld, and Friedman [41 and Astarabadi
Table 1. Renal functional evaluation in animals with unilateral right-sided hydronephrosis (N=6) and in those without hydronephrosis
Kidney Ci,, CPAH RPF
j.dlmin g EPAH p1/mm g V
.
V/GFR
•
UNV
UN'/GFR
.
UKVweight u//min g pEqimin
g kidney kidney % kidney FF p1/mm % pEqimin 100 p1 GFR pEq/min
With unilateral right-sided hydronephrosis
Rightkidney 1.42 230 839 76 1032 0.20 2.6 1.28 0.125 0.050 0.35
Leftkidney 1.35
0.13
530 1642 85 1834 0.26 2.4 0.50 0.098 0.016 0.50
P >0.1 <0.005 <0.005 <0.05 <0.01 <0.05 >0.1
Without hydronephrosis
<0.005 >0.1 <0.05 <0.025
Rightkidney 1.14 519 1491 77 1868 0.28 2.4 0.45 0.049 0.0085 0.30
Leftkidney 1.13 465 1332 74 1672 0.28 1.9 0.40 0.036 0.0068 0.32
P <1.0 >0.1 >0.1 >0.1 >0.05 >0.1 >0.1 >0.01 >0.1 >0.1 >0.1
a Values represent the mean I 5EM.
Abbreviations are defined as C1, CPAH, clearances of inulin and PAH; EPAH, excretion of PAH; RPF, renal plasma flow; FF, filtration
fraction; V, urinary volume; V/GFR, fractional water excretion, UNaV, urinary sodium excretion; UKV, urinary potassium excretion.
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and Bell [3]. Hydronephrosis in our colony does not
appear related to visible anatomic obstruction in
contrast to previously reported vascular obstruc-
tion.
The previously reported inheritance patterns for
hydronephrosis in rodents have included autosomal
dominant, autosomal recessive, and the pleotrophic
effect of a single gene. In our colony, males are
preferentially affected. Phenotypic expression in fe-
males varies from mild to moderate hydro-
nephrosis, whereas males are regularly moderately
to severely affected.
At present, while only breeding affects both
males and females, the incidence of hydronephrosis
is stable at 95% in males and 60% in females. The
gradual increase in incidence to the present stable
levels over several generations suggests a polygenic
inheritance. Further studies will be required to
more completely characterize this pattern.
Increased urine [6, 8], decreased urine osmolarity
[8], and increased BUN [5, 6] have been reported in
the strains of rodents with naturally occurring hy-
dronephrosis.
We have performed functional studies in rats with
naturally occurring chronic unilateral hydro-
nephrosis of moderate severity where no gross tis-
sue loss was present. Our data demonstrate signifi-
cantly decreased inulin and para-aminohippurate
clearances in hydronephrotic kidneys compared to
contralateral controls. Fractional water excretion
(V/GFR), and urinary sodium excretion per unit of
GFR (UNaV/GFR) are significantly increased. Com-
pensatory changes are not complete in the con-
tralateral kidneys since decreased GFR and en-
hanced sodium excretion per unit of GFR are pres-
ent when hydronephrotic plus contralateral kidneys
are compared with littermates without hydro-
nephrotic kidneys. Although an anatomic site of ob-
struction has not been defined in our model, the
physiologic consequences of this naturally occur-
ring form of hydronephrosis are qualitatively in-
distinguishable from those seen in experimentally
induced chronic partial ureteral obstruction.
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